Abstract-Kek Lapis Sarawak is a specialty of Sarawak. Nowadays, energy becomes a global issue and there is call to minimize energy consumption for a better tomorrow. In cake industry, the use of oven in baking process contributes to the major energy consumption. This research aims to optimize the baking process for an efficient energy consumption. Therefore, it is very important to investigate the relationship between baking temperature, time and cake quality so that the baking process can be optimized. Kek Lapis Sarawak baking process has been modelled and simulate using finite element method (FEM). Then, results from the model was validated with experiment. As a result, similar model of the Kek Lapis Sarawak baking process has been developed. The finding shows interdependent relationship between porosity, thermal conductivity and moisture content where higher porosity that can lead to poor thermal conductivity.
I. INTRODUCTION
Kek Lapis Sarawak is a special cake from Sarawak with unique cake's pattern and flavor that seizes the world attention [1] . Conventional process of making Kek Lapis Sarawak is very tedious and repetitive. Basically, the process consists of five main sequential methods namely depositing, baking, cooling and pressing [2] . Flow process of making Kek Lapis Sarawak is shown in Fig 1. Currently, the conventional process mostly used Liquid Petroleum Gas (LPG) for baking. As the industry started to move towards automation there is need to replace the conventional oven with electrical oven for more accurate control of the process.
Electrical oven used higher energy consumption. In the meantime, energy is a global issue and there is demand to minimize energy consumption in every single activity. In the cake industry, the use of oven for baking process is the major energy consumption. The effectiveness of oven usage relies on oven design factors and baking process [3] . Optimization of the oven operating condition is able to contribute significant reduction in energy consumption. Consequently, improve the production cost.
Baking is a complicated process that involves with changing of the physical, biochemical and chemical properties of the product, throughout the process [3] . Thermal energy during baking is transmitted to the surface of the product by radiation from the oven wall's and by convection from the hot air inside the baking chamber [4] [5] . Furthermore, heat transfer from conduction is occurred through internal flux within the product from surface to the center [6] . Defining the baking process in mathematics and phenomenological aspects is crucial as both are correlated with the uniform heating process and with the non-uniform heating process, chemical, physical properties and structural changes of the thermo-physical properties of the system [7] .
Transformation taking place during baking when water particles from batter evaporate to the baking chamber that occurs with the increased of batter's volume due to expansion of gas from leavening while pressure of the stream is produced as chain reaction of heat transfer. Thermo-setting of the gluten products leads to the gas expansion, depending on the rheological properties of the batter, fat melting and the amount of starch gelatinization. After all, the crust formation slows down the mass transfer due to browning development [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Porosity is related to the moisture content of the bread during baking, as porosity increases the moisture content of the bread will decrease [16] . Consequently, the relation between the thermal conductivity with moisture content is directly proportionate to each other [17] . It is stated the values of the thermal conductivity for ground chuck were higher than values for ground beef because ground chuck had a slightly higher moisture content [18] . Moreover, from observation it showed that the water content of meat affects the thermal conductivity because it was the main constituent with higher values than the solid components.
Recently, computer simulation is expected to play a major role in modelling the baking process and proven as one of the most beneficial tools to assist individuals to understand the processes and to forecast phenomenon [19] . Simulation can be distinct as the process designates the real phenomenon without carrying out the experiments. Simulation intent to recognize, control and forecast specific real process [10] . Improvement of the computer's simulation performance with the existence of high processor speeds and RAM, enable integration of thermo-physical properties with baking time and product temperature, thus improve accuracy of the model [20] .
The aim of this study is to optimize the baking process. In order to achieve the stated aim, relationship between temperature and time for the cake batter to reach the browning stage has to be determined. Finite element method (FEM) has been applied to model the baking process and the results are validated through experiment. The findings can be used to advance the current model with the intention of ousting the simplified description of the complex phenomena during baking process. II. METHODOLOGY Flowchart as shows in Fig. 2 summarizes the research methodology that has been applied in the research. Preliminary experiments have been conducted to determine important parameters to be applied in the modelling development. Followed by modelling of the baking process using SolidWorks 2016 software. Finally conduct experiments to validate the developed model.
A. Preliminary experiment
The experiment main objective is to determine power, (W) for the heating element, thermal conductivity, (W/m*K), initial temperature for simulation method, (Ti) and baking time. Cake batter was prepared with the following ingredients: 30.43% (of total weight) dry ingredients (containing wheat flour, sugar and Horlick powder), 28.99% pasteurized whole liquid egg, 21.74% butter and 18.84% condensed milk. Four stages mixing method was used to prepare the batter using a hand mixer (Panasonic, MK-GB1).
In order to offer a consistent temperature dispersal within the product during baking and also to eliminate the effect of temperature gradient, a 3 mm thick layer of batter was deposited and layered with a consistent thickness on a baking tray of 0.20 m x 0.20 m x 0.08 m (L x W x H) Aluminium's tray [3] . Aluminium has high thermal conductivity value which is 206 W/m K, [21] . Baking experiments were carried out in an electrical baking oven (Panasonic, AE-11N) with size of 0.43 m x 0.25 m x 0.30 m (L x W x H). Power for heating element and thermal conductivity of the cake's batter is determined by Fourier's Law of Conduction [22] .
The preliminary experimental procedures can be summarized as follows:
i. Oven pre heat to 190 °C for 8 minutes.
ii. Weigh the empty Aluminium's tray using kitchen scale.
iii. Pour 150 g of the cake's batter into the tray and spread evenly that equivalent to 3mm layer thickness.
iv. Measure the cake's batter temperature using thermocouple before baking.
v. Record weight of the tray and cake batter before baking.
vi. Place the tray into the oven. During baking, observe and record the cake's browning development using video camera.
vii. Record the time taken for the cake to reached golden brown.
viii. Once the cake reached golden brown, take out the tray and weigh the tray for after baked weight.
B. FEM Simulation
Simulation is conducted using Computer Aided Design software, SolidWorks 2016. The software provides Flow Simulation's features that use to model the Kek Lapis Sarawak baking process. Modelling of the simulation consists of oven and Aluminium tray. Materials for the simulation is chosen from the software's library as based on standard material for oven and Aluminium tray. The modelling of the oven and Aluminium tray is shown in Fig. 3 . Top heating element for the oven is applied in this research. Data from the preliminary experiment was used to set the power for the heating element. The dummy probe in FEM simulation as shown in Fig. 4 has been arranged to be similar to experimental method. Position of k-type thermocouple is located at the centre of tray, similar with to FEM simulation. The simulation setting for meshing used the global meshing (one of the features in the Flow Simulation's features). Formulas that have been applied in the FEM simulation are based on Newton's Law of Cooling equation (1) and Fourier's Law of Heat Conduction equation (2) . Thermal conductivity and temperature of the materials are interrelated and relationship between these factors were investigated in the research.
First, model of oven and Aluminium tray pan has been developed in the simulation software. The arrangement of the oven and Aluminium tray pan is shown in Fig. 3 and Fig. 4 . Setting for the baking time and the initial baking temperature of the cake (slab) for simulation have applied the preliminary experimental results.
Then, run the baking process simulation. The process has been repeated for sixth time (layer-6). The different between layer is the arrangement of the layer cake's batter (slab). For the layer-1 cake, consists one layer of slab. Furthermore, for the layer-2 until layer-6, the slab is added up one by one until it reached layer-6 slab as shown in Fig. 4 . Result from layer-1 was used as initial condition for the next following layer (layer-2) baking process. The process repeated until it reached the layer-6.
Data used for the initial condition of the simulation is shown in Table 1 . The data is applied in the FEM simulation in order to create similar environmental condition between experimental method and FEM simulation. Phase changes in the baking simulation has been neglected due to software limitation. Thus, the porosity of the cake batter is also neglected. 
C. Experimental
Experimental method is applied in order to validate the simulation model. The apparatus and procedures for the experimental was the same as the Preliminary Experiment. In addition to the Preliminary Experiment, after step vii (refer Section II.A), same amount of fresh batter (second layer) was added on top of the first layer (baked). The whole processes were repeated until sixth layer. The same batter recipe as used in the preliminary experiment was used in the experiment. However, this time there is slight different from the preliminary experiment due to the immersion of the thermocouple into the cake's batter to measure the cake temperature during baking.
In the baking process for experimental method, the cake temperature was measured with a k-type thermocouple (probe size, d: 5 mm) attached onto the baking tray at 1.5 mm height, at the central position and recorded by a Temperature datalogger (Arduino UNO and MAX 6675). The thermocouple probe has to be properly immersed in the cake batter during the measurement, but not to contact the lower tray surface or to slip out of the batter. The temperature data of the cake was recorded with the data logger.
Baking time is defined through observation of browning formation on top of the cake's surface. The cake immediately taken out once the cake surface reached fully browning. The duration is recorded as cake's baking time. Table 2 shows results of the conducted experiment. The results were used to compare with simulation results. Results of layer-1 from experimental and simulation are shown in Fig.  5 . Basically, both methods show about similar trend. The initial temperature for the computer modelling applied the same cake's temperature as preliminary experimental result (similar to experimental result). The same baking time from preliminary experiment was applied as baking time for simulation. Therefore, both graphs were ended at the same baking time, 535 seconds. At 535 seconds, the highest temperature of the cake being recorded was 124.25 °C from experiment while the simulation showed 126.89 °C. The findings show increased of baking time is proportionate to the increase of the cake's temperature, thus contributes to positive drying rate. The finding is similar to Sakin et. al (2007) who applied the same experimental method except for the baking temperature was 160 °C which is lower than this experimental baking time 190 °C. The result for the second layer of experimental and simulation is shown in Fig. 6 . As based on the observation, formation of the golden browning on the cake surface occurred earlier than the first layer which is 487 seconds. At 487 seconds baking time, the highest temperature of the cake batter being recorded was 120.5 °C for experiment while simulation temperature was 140.87 °C respectively.
III. RESULT AND DISCUSSION
The results of the second layer show huge gap in temperature gradient between experimental and simulation. The different is due to thermal equilibrium factor. During experiment, the same amount of batter at room temperature (second layer) was spread on top of hot cake (first layer). Fresh batter of the second layer absorbed heat from oven and heat from the baked cake (first layer) in order achieve thermal equilibrium. Moreover, the temperature gradient different is also because of conduction effect of the hot Aluminium tray. Thus, second layer took shortest time to reach browning surface as the layer received heat from two sources of heat. However, due to software limitation the scenario was not able to be applied in the model simulation. Consequently, simulation was not able to simulate the factor (as shown by a straight line). The results of third, fourth and fifth layers for experimental and simulation are shown in Fig. 7, 8 and 9 respectively. All layers show similar increment except for the gap between experimental and simulation getting narrower for the top layers. Brown development of the cake surface layer third and fourth took 533 and 514 seconds respectively. While, the baking time were 533 and 514 seconds for experimental and simulation method. The highest temperature of the cake batter being recorded in the first third layer process was 123.75 °C while the simulation method was recorded 136.8 °C at 533 seconds baking time. The findings show positive sign towards improvement of the drying rate and aligned with his research Sakin et. al (2007a) . The fifth layer took 503 seconds to reach browning effect. The highest cake temperature for experiment was 115 °C while the simulation was 118.61 °C respectively. On the fifth layer, both of the experiment and simulation show similar results (nearly overlapping) except for certain points that intersect between these two graphs. Initially, the first until the fourth layer results show simulation have higher cake temperature as compared to experiment. However, in the fifth layer the trend has started to change. The result of the sixth layer is shown in Fig. 10 . The time taken for experiment to reach fully brown for the sixth layer took 480 seconds. Then, the simulation method was run with 480 seconds of baking time in order to compare the cake temperature between experimental and simulation method. The highest cake temperature for experimental and simulation method was 122.25 °C and 112.12 °C respectively.
Result of the cake temperature (sixth layer) for experiment has surpass the simulation. It shows that interdependent relationship between porosity, moisture content and thermal conductivity factors for the actual environment (experimental) have affected the baking process. These factors were not considered in the simulation due to the software limitation that has neglected the porosity factor. The temperature is higher in the experimental method due to higher porosity of the baked layer cake (slab) and poor in thermal conductivity compared to simulation. The finding is aligned with the previous researches.
According to Sweat et al. (1973) and Qashou et al. (1970) the moisture content affects the thermal conductivity where higher moisture content will lead to higher thermal conductivity. Moreover, the moisture content affects the porosity where higher moisture content will lead to lower porosity [16] . From the Fourier's Law, relationship between the temperature and the thermal conductivity is inversely proportional to each other [22] . Weight reduction for all the layer process is shown in Table 3 . Weight reduction is occurred due to moisture removal from the cake [23] . As shown in Table 3 , the weight of baked cake (final weight) has been decreased as compared to the initial weight due to moisture content removal. However, percentages of weight reduction between layers were not consistent. This could be due to inconsistent baking time as the baking time was defined through manual observation. Theoretically, baking time should be shorter when more layers baked as distance between cake to heating element (top heating) become closer. At the same time, interdependent effect of moisture content, thermal conductivity as well as porosity become severe.
As stated by Mizukoshi, Maeda, and Amano (1980), the starch gelatinization and the protein coagulation reactions happen during the baking process which is at baking temperatures of 80 °C and above. The structure of the cake batter change from highly viscous fluid to more open pore and dry solid cake, leading to higher moisture removal rate. Therefore, this research founds that the cake started to create bubbles on the surface of the cake where the production of the CO2 and leavening as the cake temperature reached 80 °C. CONCLUSION As a conclusion, significant relationship between cake temperature and baking time have successfully studied. Average baking temperature was about 120 °C. While baking time between layers are varied due interdependent relationship between porosity, thermal conductivity and moisture content. This research has confirmed that baking time is expected to be shorter as number of cake layer increase. The results will be used to improve the current model with intention to ousting the simplified description of the complex phenomena during baking process by applying finite element method. Therefore, the finding is expected to optimize the energy consumption for the Kek Lapis Sarawak baking process.
